On the other hand, expiratory discharges are not obtained in Pitts' expiratory area, but are found in a circumscribed region in the reticular formation from the level of the obex to 3 mm caudally. Electric stimulation of this region has been found recently by Ngai and Wang to yield marked expiratory spasm. It is concluded that the expiratory center is located caudally to the inspiratory center in the cat. The spontaneous respiratory neuronal discharges continue with no alterations of pattern of firing during drug-induced respiratory paralysis, and are increased both in number and in frequency during CO2 inhalation. Stimulation of the vagus nerve with 50 shocks/set. reduces inspiratory discharges and prolongs the duration of expiratory discharges.
3 mm caudally. Electric stimulation of this region has been found recently by Ngai and Wang to yield marked expiratory spasm. It is concluded that the expiratory center is located caudally to the inspiratory center in the cat. The spontaneous respiratory neuronal discharges continue with no alterations of pattern of firing during drug-induced respiratory paralysis, and are increased both in number and in frequency during CO2 inhalation. Stimulation of the vagus nerve with 50 shocks/set. reduces inspiratory discharges and prolongs the duration of expiratory discharges. I T HAS long been established by ablation and gross stimulation experiments that the reticular formation of the medulla has a vital function in the control of respiratory movements (see review by Pitts (I)). Evidence for the existence of anatomically distinct expiratory and inspiratory regions in the medulla is based mainly on methods employing either local electrical stimulation or amplification and recording of electrical events in the medulla. Pitts ek al. (2) found that maximal sustained inspiratory responses are obtained in cats by electrical stimulation of the ventral reticular formation between 3 mm rostra1 and 135 mm caudal to the obex, while responses of expiratory apnea are found in areas of the reticular formation dorsal, lateral and rostra1 to the inspiratory region. Similar configurations of the inspiratory and expiratory regions on the basis of response to electrical stimulation were described in the monkey (3)J rabbit (4) and sheep (5). Brookhart (6), employing the same methods, was unable to define distinct inspiratory and expiratory regions in the dog.
Spontaneous neuronal potentials synchronous with respiratory movements were first recorded by Gesell ef al. (7) in the dog medulla. Potentials in phase either with inspiration or with expiration were found, but no separate inspiratory or expiratory regions were described. Amoroso et al. (5, 8) recorded respiratory potentials in the medulla of the dog, cat and rat, but did not describe different inspiratory and expiratory regions. Woldring and Dirken (9) found distinct inspiratory and expiratory regions in the rabbit medulla. Expiratory activities were observed to be localized to a region dorsal to the inspiratory area.
An attempt was made to explore the medulla oblongata of the cat with a unipolar microelectrode for the localization and distribution of inspiratory and expiratory neurons. The pattern of discharge of these neurons and their responses to excitatory and inhibitory stimuli were also studied. 
METHODS

RESULTS
Types of Electrical
Activity Synchronous With Respiration.
Three discharge patterns synchronous with respiration were observed: a) The 'inspiratory discharge ' (fig. IA) began at the onset of, or during inspiratory movement and ended abruptly at the onset of expiratory movement. The spike frequency generally increased toward the end of inspiration. b) The 'early expiratory discharge ' (fig. II?) occurred with high frequency at the onset of expiration. The activity was gradually reduced"and terminated at some time during expiration or during the resting phase. c) The 'late expiratory discharge ' (fig. IC and 10) started some time during the expiratory or resting phases, gradually increased in frequency, and terminated abruptly at the onset of the inspiratory movement. Some discharges were observed throughout the expiratory phase without any change in frequency. These could not be classified into 'early' or 'late' types. The electrical events described above usually preceded the corresponding mechanical events by about 0.2 seconds. This delay was presumably due to the conduction time of the impulse and to the inertia of the chest wall.
Location
of the Inspiratory and Expiratory Discharges.
The medulla was thoroughly explored at various levels from 6 mm rostra1 to 6 mm caudal to the obex. The relative distri- bution of the various types of discharges is shown in a dorsal projection in figure 2. Regions in which inspiratory discharges were obtained are plotted on the left side of the diagram, and those that gave rise to expiratory discharges are plotted on the right side. Each symbol represents the average number of active regions of each type found in five explorations at a given point, Each position indicated in the diagram was explored at least four times in different animals. Regions usually found to be active were explored at least IO times in different animals to confirm the relative frequencies of inspiratory and expiratory discharges. In those cases where several discharges of a given type were found in a single exploration, only those discharges which were clearly distinct in position or in spike amplitude were counted. Thus several elements close together would tend to be underestimated in number. Regions rostra1 and caudal to the active areas noted on the diagram were investigated, but in most instances fewer than five explorations were done. For this reason no symbols appear on the diagram in these regions. However, since the respiratory discharges, when present in any sign&ant density, were easily found in a few explorations, it was deemed unnecessary to perform a large number of negative explorations in these regions.
A concentration of inspiratory activity was found between 3 mm rostra1 and I mm caudal to the level of the obex and between z and 4 mm lateral to the mid-line. A concentration of expiratory activity was found between the obex and 3 mm caudal to the obex, about 3 mm lateral from the mid-line. Occasional discharges of each type were found, however, throughout most of the area explored. In figure 3, inspiratory and expiratory discharges are plotted on cross sections of the brain stem, essentially as they were found on exploration, without summation or averaging as was done in figure 2. This gives a better concept of the wide distribution of the respiratory potentials, but bears out the very definite concentrations of the various types as noted above. The great majority of the respiratory discharges were evenly distributed between 1.5 and 4.5 mm in depth. There was no discernible difference between the depth distribution of the different types of activity ( fig. 3) . Even in single punctures, there was no consistency in the dorsoventral distribution of inspiratory and expiratory discharges, and an alternation of these types was often found. This was confirmed in IO preparations in which electrode positions were marked by iron deposition (fig. 4) . These sections also show the relative preponderance of the inspiratory discharges rostra1 to the level of the obex and of the expiratory discharges caudal to the obex.
Effect figure 5 in the case of a neuron producing early expiratory discharges. Record B, taken after hyperventilation, shows a reduced frequency of discharge compared to control record A. The effect of CO2 is shown in record C. In addition to the increase in frequency, there were two neurons with early expiratory discharges of different spike amplitudes whereas only one spike amplitude was evident in the control record. Figure 6 shows similar results for a neuron with late expiratory discharges;
there was an increased frequency after CO2 administration (B), and a decreased frequency after hyperventilation (C). After further hyperventilation to apnea (II), the neuron fired continuously at a frequency of only z-s/set.
Record E shows the resumption of rhythmic firing as CO2 was administered. Stimulation of the central end of the cut vagus at a frequency of 5o/sec. caused inhibition and resulted in a sharp reduction of inspiratory neuronal activity ( fig. 7A ), while this procedure, on the other hand, prolonged the activity of expiratory neurons with no change or only slight reduction of their firing frequency ( fig. 7B ).
DISCUSSION
The results show a concentration of respiratory discharges in the lateral reticular formation between 3 mm rostra1 and 3 mm caudal to the level of the obex, with inspiratory discharges predominating in the rostra1 part and expiratory discharges in the caudal part. There is a marked decrease in the abundance of respiratory discharges in all directions from these areas of concentration.
They are not Brock et al. (II) on the spinal motor neurons, is indicative of an activity generated from the cell body rather than from axons; the latter has a spike duration no greater than 0.5 msec. For these reasons, we, like other investigators using similar methods (4, 7), are of the opinion that the spike potentials represent the activity of the neuronal soma rather than that of fiber tracts. The results of electrical stimulation experiments in the cat differ markedly from those obtained by the recording of spontaneous action potentials as presented in this report. Pitts eif al. (2) demonstrated that while inspiratory responses to electrical stimulation are found in the ventral reticular formation rostra1 to the obex, expiratory responses are elicited in the dorsal and the lateral reticular formation overlying the inspiratory region. Both inspiratory and expiratory responses are obtained with equal readiness in the mid-line. This distribution has been confirmed in several other species (3-5). Thus, it appears that regions which respond to stimulation are far more extensive than those in which spontaneous respiratory potentials can be recorded. Evidently the larger reactive areas outlined by the stimulation method include other elements such as afferent and efferent pathways. In the case of the expiratory area outlined by Pitts et al., only apnea and infrequently, forced expiratory responses are obtained on stimulation with frequencies as high as IOO shocks/set. Indeed, in this area we are unable to find any concentration or abundance of spontaneously discharging neurons synchronous with expiration. On the other hand, spontaneous expiratory neuronal activities are found in large numbers caudal to the obex. When Ngai and Wang (12) stimulated this general area with a frequency as low as 50 shocks/set., they observed marked expiratory spasm. It is concluded, therefore, that the expiratory center is located caudally to the inspiratory center.
Other investigators (5, 7, 9) employing similar recording technics found the distribution of the inspiratory and expiratory neurons to be different in other species of animals. For instance, in the dogs Gesell et al. (7) reported that they are intermingled without segregation in the reticular formation. However, careful examination of their figure IA reveals clearly that expiratory discharges are more frequent in the caudal regions; 42 inspiratory points are located rostra1 to the level of the obex and 37 caudal to it, whereas only 4 expiratory points are recorded rostra1 to the obex and 16 caudal to it. It appears, therefore, that their data tend to agree with the patterns of distribution reported herein.
The responses of respiratory neurons to COP and vagal stimulation confirm previous works (9, 13). The experiments with the effects of drug administration and electrical stimulation presented here are only illustrations of the usefulness of this experimental approach. 
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